T he results of the first global survey of amphibians, outlined in a paper published online by Science on 14 October 2004, were sobering even to those on the front lines of research on amphibian declines. The Global Amphibian Assessment (GAA) project (www. globalamphibians.org) revealed that amphibians are more threatened and are declining more rapidly than either birds or mammals, with at least 43 percent of all known amphibian species declining in population and 32 percent classified as threatened.
Although habitat loss poses the greatest threat to amphibians, a particularly disturbing finding of the GAA is that many species are declining for reasons that are not fully understood, even in protected habitats. One commonly proposed cause of such enigmatic declines is chytridiomycosis, a fungal skin infection of amphibians that in 1998 was implicated in the catastrophic declines of frog populations in mountain rainforests in Central America and in Queensland, Australia. Researchers identified the infectious agent-a previously unknown chytrid fungus, Batrachochytrium dendrobatidis-and showed that it could kill healthy frogs in the laboratory. However, information on how the fungus affects amphibians in the wild remains limited.
Recent findings by Australian researchers provide possible new clues about the interactions between the chytrid fungus and amphibians in the wild. In the November 2004 issue of PLoS Biology, Richard Retallick (now a postdoctoral researcher at Arizona State University), Hamish McCallum (University of Queensland), and Rick Speare (James Cook University) report evidence that remnant populations of a rainforest frog species that suffered a severe decline thought to be due to B. dendrobatidis now persist in the wild with stable, endemic infections of this fungus.
In this study, Retallick looked for the chytrid fungus in preserved tissue sections of frog toe tips that he had collected in a mark-recapture study of frog populations for his PhD research. He collected the toe tips between 1994 and 1998-before the fungus was fingered as a possible agent of declines-from frogs found along rainforest streams in Eungella National Park in Queensland. When Retallick caught a frog for the first time, he clipped a small number of its toe tips in a unique combination for later identification. On subsequent visits to the park, any marked frogs that he recaptured were identified, recorded, and released without further toe clipping.
Retallick was particularly interested in the Eungella torrent frog (Taudactylus eungellensis), which disappeared suddenly from relatively undisturbed streams in the park between 1985 and 1986 along with the Eungella gastric-brooding frog (Rheobatrachus vitellinus). While the gastric-brooding frog is now considered extinct, a few small surviving populations of the torrent frog were found in 1992, and they persist to this day. The cause of the declines of these two species is unknown, but researchers suspect that B. dendrobatidis was the culprit.
Examination of the tissue samples showed that 18 percent of Eungella torrent frogs captured for the first time during the 1994-1998 study were infected with the chytrid fungus, and the overall prevalence of infection remained stable from year to year. Most important, the study authors say, computer analysis of the mark-recapture data by McCallum showed similar survival rates among Eungella torrent frogs that were infected at the time of first capture compared with uninfected frogs."Some frogs that were infected when we first caught them survived for [as long as] another 3 years," says Retallick. "We don't know whether these frogs exist with the fungus or whether they clear the infection. "But a recently developed DNA-based diagnostic test for the fungus will enable researchers to answer this question in the future for some frog populations.
It may be that the chytrid fungus did not cause the initial Eungella frog declines. Alternatively, surviving frogs may have developed resistance to the disease, or less deadly strains of the fungus may have evolved. Although many questions remain, Retallick and his colleagues are "the first to put out there...that this might be an example of adaptive evolution by those frogs," says herpetologist Karen Lips, of Southern Illinois University in Carbondale."Now it's up to the rest of us to go out and test that hypothesis." Lips is part of a large interdisciplinary team of researchers, including Retallick, McCallum, and Speare, who are collaborating on an NSF-funded project examining the links among infectious diseases, environmental factors, and declining amphibian biodiversity.
If some amphibians that are sensitive to the chytrid fungus can indeed survive an initial epidemic, then the disease may not necessarily be a death sentence for an entire species. And, the study authors suggest, "If it could be shown that susceptible frog populations were able to develop resistance to the amphibian chytrid, then captive breeding and artificial selection for resistance would provide an avenue for management of this threat to critically endangered species."
Until researchers can figure out how to protect amphibians in the wild, Lips says, scientists may have to establish captive populations of at least some threatened species as "an emergency, short-term solution." Especially in light of the GAA results, she says, "I think the consensus now is that time is running out."
